is part of lifelong learning required by ophthalmologists. Metacognition is a new area of educational research. It is important because metacognitive skills are essential in medical education and likely to improve effectiveness of CPD activities. We systematically searched PubMed using the terms "metacognition" and "CPD" or "continuing medical education (CME)" and found only 5 articles. These articles were supplemented by a broadbased review of published literature including educational psychology, across the continuum of medical education. We summarize the techniques that may improve metacognition in CPD: awareness of and instruction in metacognition, awareness and mitigation of cognitive errors, appropriate needs analysis, and choosing appropriate activities. Metacognition and learning of new surgical techniques, the role of portfolios, and the role of the educator are described. The evidence is weak however, and it is usually extrapolated to CPD activities from other fields. Ophthalmologists may be able to improve their metacognitive skills in the CPD context, but the evidence supporting this is of low quality.
M etacognition refers to a person's ability to regulate their thinking. In medicine, besides the general definition, metacognition includes checking clinical reasoning for possible bias, seeing the illness from a patient's perspective, and assessing what one needs to know about a treatment option. 1 Ophthalmologists are expected to be self-directed learners throughout their careers, and metacognitive skills are critical to this in addressing what to learn, when to learn, and how to learn. This review covers concepts of metacognition, metacognition in medical education and for the continuing professional development (CPD) learner in particular, and strategies to improve metacognition while undertaking CPD activities. This review functions as a primer for all learners and an early alert for an educational process that will be likely to find its way into the accepted and desired fundamental
METHODS
We searched the articles in PubMed on April 25, 2018, using the terms "metacognition" and "continuing medical education (CME)" or "continuing professional development (CPD)" or "continuous professional development". There were no limits to dates or language, and the research resulted in 5 articles, [2] [3] [4] [5] [6] including a quantitative study of metacognitive skills in early-career pediatricians 3 ; a qualitative study of the benefits of clinical teaching by experienced family practitioners, which included improved metacognition 4 ; reviews and commentaries 2, 6 ; and a study pertaining to medical students only. 5 There were no ophthalmology-specific papers. Due to the paucity of literature it is not possible to write a comprehensive literature review of metacognition in CPD based on empirical studies. Instead, this review aimed to provide practical applications of metacognition in CPD undertaken by practicing ophthalmologists, and to do so we have extrapolated from relevant literature for medical students and residency training in other medical disciplines, along with other teaching fields, based on reference lists of the 5 returned articles and the authors' experiences.
CONCEPTS IN METACOGNITION AND COGNITION
The concept of metacognition was originated by Flavell. 7 Metacognition can be defined as "thinking about thinking", or the "higher order thinking which involves active control over the cognitive processes engaged in learning". 8 According to Flavell, 7 it comprises metacognitive knowledge (acquired knowledge about cognitive processes) and metacognitive regulation, 1 which consists of planning, monitoring, and evaluation. 9 Metacognition is associated with intelligence 10 and academic achievement. Disorders of metacognition are described in multiple psychopathologies.
11
Cognition refers to a range of mental processes related to the acquisition, storage, manipulation, and retrieval of information. Figure 1 shows the relationship between cognition and metacognition and external and internal influencing factors.
12
Cognitive domains include social cognition, executive function, memory, attention, and psychomotor speed. Cognition and metacognition are highly related and may overlap. An example of the difference is shown when performing an ocular biometry. Cognition is knowledge of the technique and measurement of axial length of 20 mm. Metacognition is necessary to review the result, determine if it is clinically consistent, and rescan the How to Add Metacognition to Your Continuing Professional Development: Scoping Review and Recommendations patient if necessary. Metacognition is closely related to self-directed learning (SDL) and self-regulated learning (SRL). The 2 concepts are compared by Saks and Leijen. 13 Self-directed learning is the process in which individuals take the initiative in diagnosing their learning needs, formulating learning goals, identifying human and material resources for learning, choosing and implementing appropriate learning strategies, and evaluating learning outcomes (applying Knowlesʼ adult learning theory).
14 Self-regulated learning is a younger concept arising from cognitive psychology and is an active process whereby learners set goals for their learning and attempt to monitor, regulate, and control their cognition, motivation and behavior, guided and constrained by their goals and contextual features on the environment. 6, [15] [16] [17] Although SDL is a fundamental skill for medical practitioners, there may be some learning disadvantages in it (for example, going on tangents due to interest, rather than engaging with curriculum), 18 which demonstrates that metacognition can improve ability for SDL but is not automatic to the process.
Metacognition is an attribute necessary for lifelong learning, 19 which can be defined as continuous training over the course of a professional career, 20 or more broadly in the older literature as a "continuous, constant, unending, lifetime quest, which starts with birth and concludes only at death." 21 Metacognition is also related to self-reflection but can occur at an unconscious level when experienced physicians "act on intuition". Metacognition is not always associated with good judgments; dissociation between metacognitive judgment-ofperformance and actual performance is attributed to impaired selfevaluation. Positive affect (happiness) improves memory search but also results in overconfidence in judgments. 22 Other external and internal factors affecting cognition and metacognition are shown in Figure 1 .
The 3 domains of learning apply in CPD: cognitive, 23, 24 psychomotor (physical skills; eg, learning a new surgical technique), 25 and affective (beliefs, behaviors, and attitudes).
26
Metacognition is not synonymous with the affective domain but is considered the highest level of knowledge acquired using the domains of learning. 23 Table 1 lists the knowledge dimension with ophthalmology-specific examples.
24
The relationship between neuroanatomy and metacognition is poorly understood. There may be different neuroanatomical correlations for the different metacognitive domains. 27, 28 Metacognitive ability can be improved by dopamine administered 100 mg orally 29 and by noradrenaline blockade. 30 
METACOGNITION IN MEDICAL EDUCATION
Metacognition is important in the learning process in general and particularly in medical school. Excellent reviews include Medina et al 12 and Quirk. 31 Medical students need to learn the ability to make decisions with partial information and high risk of error and to become independent learners for the duration of their professional career because of expected continuing and rapid 5 have been demonstrated to improve during medical school and be associated with academic performance, although this is controversial. 33, 34 Metacognition is important in the development of professionalism. 35 Metacognitive skills are embedded in all aspects of CanMEDS (an educational framework for medical training designed by the Royal College of Physicians and Surgeons of Canada), 36 particularly Scholar, which requires the individual to be receptive to acquiring, developing, and applying new skills throughout their entire career. 37 
METACOGNITION AND THE CPD LEARNER
Practicing ophthalmologists undertaking CPD are assumed to be older than medical students and trainees and to have learnt SDL and metacognition during medical school and residency, along with effective study techniques.
In contrast to cognitive skills, which decline at varying rates in the older population, 38 metacognitive capabilities are thought to be preserved with age. 39 Older ophthalmologists with changing cognitive abilities would be expected to use metacognitive abilities to improve goal-related memory outcomes during CPD activities and performance in practice.
Although medical students, residents, and fellows are assumed to have learnt SDL and metacognitive skills, there is evidence that this may not be the case. 3, 40, 41 Practicing physicians have self-assessed metacognitive abilities. 42 However, this selfassessment of metacognition may be inaccurate as medical students and doctors have been shown to be poor at self-assessment, [43] [44] [45] [46] leading to inflated or pessimistic self-assessments. 47 Inaccurate self-assessment is thought to be due to weak metacognitive skills, hence improved metacognition improves the accuracy of selfassessments. 48 Regulators of CPD expect CPD learners and providers to do so in a way that implicitly promotes metacognition. For example, metacognition is embedded in CanMEDS 36 lifelong learning and the Accreditation Council for Continuing Medical Education criterion 31 states, "The provider creates individualized learning plans for learners." 49 
PROMOTING METACOGNITION IN CPD

Awareness of and Instruction in Metacognition
This begins with building awareness that metacognition exists and differs from cognition. Methods to improve metacognition include formal instruction in metacognition, 50 the use of metacognitive scaffolds including immediate feedback, 51 deliberate consideration of alternatives, and "playback" (or cognitive apprenticeship) 12 where one's actions are compared step by step with the optimal actions. 52 Physical activity has been shown to improve metacognition in children, 53 but there is not yet evidence for this in CPD learners.
Although ideal, it is possible that not all learners will benefit from metacognition instruction. Looking at dyscompetent (under-performing) 54 medical practitioners, Hanna et al 55 found improvement in only 1 of 5 physicians after a 3-year personalized intensive CME program. It is possible that these doctors lacked metacognitive skills necessary for improvement, despite intensive instruction.
Awareness and Mitigation of Cognitive Errors
Ophthalmologists need to recognize the use of heuristics (simplified thinking strategies used to speed assessment) 56 in their clinical reasoning. Use of heuristics is very helpful in busy clinics but is accompanied by cognitive biases (cognitive dispositions to respond) that are thought to be a cause of clinical errors, 57 although this is disputed. 58 More recent work describes clinical reasoning using a dual processing model, 59 with a rapid, automatic, intuitive component (type 1, probably using heuristics) and a slower, logical, and analytic component (type 2), with errors occurring in both components, 60 but more often in type 1 decisions. Cognitive biases are summarized in Table 2 . 61, 62 Proposed debiasing strategies to minimize cognitive errors are shown in Table 3 62,63
; it needs to be noted that the effectiveness of these strategies is controversial.
2,64 Underlying these strategies is critical self-reflection with a heightened sense of vigilance. Metacognition is one of the strategies; for example, Croskerry 65 described using metacognition in universal (acquisition of knowledge), generic (understanding major classes of heuristics), and specific (awareness of specific scenarios in which errors are likely to occur) cognitive forcing strategies.
Hamm 2 provides an alternative opinion that using metacognition to reduce error rates is more work than conventionally recognized, and less effective than initially hoped by its proponents, notably Croskerry. 65 Instead he argues for better teaching at the level of clinical diagnosis, thus reducing the need for metacognition to reduce clinical errors.
Appropriate Needs Analysis
Needs analysis begins with self-assessment; sources of assessment include standardized tests, personalized surgical audit results, Office Record Reviews (templates for medical record reviews offered by the American Board of Ophthalmology), morbidity-mortality meetings, and interesting patient encounters. However, as noted above, medical practitioners are inaccurate in self-assessment of needs analysis. This was demonstrated in rheumatologists where a self-directed (curriculum-based) program based on perceived needs and interest was shown to be less effective than a personalized program based on responses to multiple-choice questions. 66 Ophthalmologists need to be aware of this and seek additional information in preparing needs analysis for CPD activities. External, objective sources of information that may assist in identifying learning needs include patients, 67 peers, CPD teachers, medical regulators and hospital administrators, national training bodies, 68, 69 and the community. Patients give feedback via complaints, patient satisfaction surveys, and as part of multisource feedback. Peers may give feedback during morbidity-mortality meetings, as part of multisource feedback, and informally based on patient outcomes. Teachers of CPD may assist via pre-and post-test questions and give feedback after encounters. Medical regulators and hospital administrators may receive patient complaints and are able to identify outlier ophthalmologists. National training bodies (eg, Royal Australian and New Zealand College of Ophthalmologists) may receive patient complaints, identify outliers, and conduct surveys of trainers. The community is involved through national health data, and in some jurisdictions, community relationships directly with medical schools and training bodies regarding community health priorities. 70 It is likely that multiple sources of information will be most beneficial, 71 but this has not been extensively studied.
Choosing Appropriate Activities
After identifying learning needs as accurately as possible, the ophthalmologist must select appropriate CPD study methods and activities. Important strategies include self-questioning (Table 4 lists sample self-questions to promote metacognition about learning during a range of typical CPD activities), reading for comprehension, and review of patient's perspective.
Reading for comprehension involves "active reading" including understanding the goals of reading, monitoring while reading (eg, skimming before reading, attending to headings, rereading selected text), and summarizing learnings, which are all metacognitive skills.
Review of patient's perspective is a useful technique after a patient encounter to promote metacognition. The patient's beliefs, thoughts, and feelings about health and illness are elicited and compared with one's own. Useful questions that can be asked include the following: What concerns you most about your illness? What is your understanding of your medical problem? Do you have any religious or spiritual concerns about your problem? 31 Understanding the patient perspective can prompt metacognitive review of the diagnosis and reduction in cognitive errors.
Learning New Surgical Techniques
There are no specific studies of metacognitive influences on 
Cognitive Bias Errors in Clinical Reasoning
Aggregate bias Belief that aggregated data do not apply to their own patients. Can lead to errors of commission (eg, ordering unnecessary tests). Anchoring Perceptually lock onto salient features too early in the diagnostic process, with a failure to adjust the initial impression in light of new information. Can be compounded by confirmation bias.
Ascertainment bias
Thinking shaped by prior expectation (eg, gender). Availability Judgment that a disease is more likely if it readily comes to mind (eg, recent experience with a number of cases). Base-rate neglect Ignore the true prevalence of a disease.
Commission bias
Tendency towards action rather than inaction, more likely in overconfident physicians.
Confirmation bias
Tendency to look for 'confirming' evidence to support a diagnosis, rather than disconfirming evidence to refute a diagnosis. Diagnosis momentum After acceptance of a diagnostic label, all other possibilities are excluded.
Feedback sanction
When there is a delay in consequences or no feedback on diagnostic errors.
Framing effect
Influenced by framing of clinical presentation (eg, the risk of death).
Fundamental attribution error
Blame patients for their illness.
Gambler's fallacy
Influenced by preceding patients, even though the presentations are independent.
Gender bias
Belief that sex is a determining factor in the probability of disease, when no pathophysiological basis exists.
Hindsight bias
Knowing the outcome influences the perception of past events.
Multiple alternatives bias
When many differential diagnoses exist, the tendency to only investigate a smaller list of diagnoses with which the doctor is more familiar.
Omission bias
Tendency towards inaction based on 'do no harm'. Progression of disease is attributed to natural history rather than physician inaction.
Order effects
Tendency to remember information depending on the order in which it is presented.
Outcome bias
Tendency to diagnose conditions with favorable rather than unfavorable outcomes.
Overconfidence bias
Tendency to believe we know more than we do. This can be augmented by anchoring and availability biases. Playing the odds Tendency to diagnose benign rather than more serious conditions, based on probability of presentation. Posterior probability error Diagnosis is influenced by what has gone on before. Opposite to gambler's fallacy.
Premature closure
Accepting diagnosis prematurely, before complete workup; 'when the diagnosis is made, thinking stops'. Psych-out error Serious medical conditions misdiagnosed as psychiatric conditions. Representativeness restraint Based on pattern recognition looking for typical features in diseases (and ignoring atypical cases).
Search satisfying
Tendency to call off a search once something is found (eg, miss second foreign body).
Suttonʼs slip
When possibilities other than the obvious are not given consideration.
Sunk costs
When more time, energy, and money are invested in a diagnosis, the tendency to ignore alternatives. Triage cueing Initial hospital triage or patient self-diagnosis dictates further care. Unpacking principle Failure to take adequate history to elicit differential diagnoses. Vertical line failure Repetitive thinking in routine cases.
Visceral bias
Positive and negative feelings ("first impressions") toward patients influence diagnosis.
Yin-yang out
Belief that nothing further can be done after exhaustive testing fails to make diagnosis. Zebra retreat Hesitation to diagnose rare conditions, even when they are the most likely. Train for a reflective approach to problem solving. Decrease reliance on memory Accuracy of judgments improved through cognitive aids including smartphone apps and clinical guidelines.
Specific training
Training to overcome flaws in thinking (eg, in probability, distinguishing correlation from causation).
Simulation
Simulated clinical scenarios contrasting biased and debiased (correct) approaches. Cognitive forcing strategies Strategies to avoid predictable bias in particular clinical situations.
Make task easier
Process more information about the specific problem to reduce task difficulty.
Minimize time pressures
Adequate time for quality decision-making. Accountability
Establish clear accountability and follow-up for decisions made and potential lessons. Feedback
Provide as rapid and reliable feedback as possible so that errors can be immediately appreciated and corrected.
Adapted with permission from Croskerry P. learning new ophthalmology procedures, but it has been suggested that setting learning goals (in contrast to performance goals) is optimal for learning new surgical tasks because it engages metacognition. 71 Instructors can prompt metacognition in learners by scaffolding (ie, providing a more supportive environment initially, which is gradually withdrawn as ophthalmologists move toward independence) and by providing rubrics for surgical techniques, such as those provided by the International Council of Ophthalmology.
72
Recording Activities Using Portfolios
Portfolios have been used widely in medical schools 73 and postgraduate medicine, 74 although the evidence supporting their use is modest. Portfolios are collections of data related to learning over time; many different types are possible. Reflective portfolios are largely aimed at the development of reflective and metacognitive skills. 75 Comprehensive portfolios are embedded in the curriculum and form part of the assessment program in some medical schools, but this broader type of portfolio is not envisaged in CPD.
The content of CPD reflective portfolios includes learning needs, practice goals and expectations, and metrics to demonstrate achievement, thus differing from simple lists of CPD meetings attended or results of self-assessment tests and resulting recommended remediation and learning activities. Portfolios may include metrics from any of the sources listed in Table 4 . Portfolios are kept over a career, rather than a CPD cycle mandated by regulators (typically 1-5 years), and thus record repeated learning cycles over time. Portfolios that foster metacognitive development include the following features: a) personal statement of goals for learning that includes awareness of self and others including institutions and national priorities; b) strengths and weaknesses in cognitive, affective, and metacognitive performance including assessment of learning style; c) plans for addressing learning needs; d) self-questions with reflections, plans, and responses compiled during learning experiences; and e) self-evaluation of performance, with reference to self-generated and external sources of data. 31 Portfolios may be recorded in paper or online format using personalized 76 or templates provided. E-portfolios have been shown to be more successful, possibly due to increased interest in the process.
It should be noted that the use of portfolios is controversial. For CPD learners there is a risk of bureaucracy becoming overwhelming if portfolios are adopted by CPD regulators. A direct learning gain by users and effective mentoring is necessary for portfolios to be beneficial, and this may also limit their use in CPD.
THE ROLE OF THE CPD EDUCATOR
Educators in CPD play a role by modeling metacognitive behavior and teaching using methods designed to promote metacognition among learners. Techniques used by instructors that can increase metacognition among CPD learners 12 include planning, with explicit description of learning objectives and pretesting to demonstrate learners' lack of knowledge; and test reviews, where the CPD educator reviews test results and corrects answers with CPD learners. "Thinking out loud" involves the learner and instructor both thinking out loud about a complex problem. This demonstrates to the learner their errors and the thought processes of an expert. "Reflection using the muddiest point" requires the learner to write down the most confusing part of the material to prompt SDL. "Judgments of understanding" asks CPD learners to prospectively make judgments about test scores. Over time judgments move from overconfident to underconfident, with reduction in bias. Immediate feedback involves reviewing performance with the learner shortly after the encounter. "Scaffolding" is useful in learning surgical techniques, where learners start with a more supportive environment and gradually move towards independence. "Guided reflective journaling" requires both the learner and instructor to undertake written review of selected clinical encounters. Teaching using clinical cases in a problem-based learning 77 approach is also likely to promote metacognition. The "flipped classroom" is a promising method of instruction involving learners doing prereading and applying the new knowledge during classroom encounters, rather than being taught basic information without application in classroom encounters. Flipped classroom theoretically increases metacognition; however, evidence on its effectiveness is weak. 78 Educators in CPD are likely to benefit from their teaching: teachers of clinical reasoning to medical students report greater use of metacognition in their own clinical practice. 4 
RECOMMENDATIONS
Areas for development in the field can be considered from the perspective of CPD participants, CPD educators delivering subject material, ophthalmology societies designing and managing CPD programs, and medical regulators. We recommend that metacognition be explicitly taught in medical school, ophthalmology training, and that the benefits and risks of using heuristics be explicitly taught to practicing ophthalmologists. We recommend CPD educators design activities to promote higher levels of cognition (eg, flipped classroom methodology) and medical educators design tools which are better able to measure metacognition in practicing ophthalmologists. Ophthalmology societies should encourage the use of personal learning plans, audit of results, and recording in portfolios. We recommend that research be directed towards the hypotheses that 1) improving metacognition in participants, CPD teachers, and CPD activities makes CPD more effective and time-efficient; and 2) improving metacognition will enhance learning of new surgical techniques. Finally, in the interests of best patient care, medical regulators should foster research into metacognition in CPD.
CONCLUSIONS
At the end of training, ophthalmologists are expected to be self-directed learners for the rest of their career. This requires metacognitive skills to plan, monitor, and evaluate their learning. The evidence based on metacognition in CPD is very weak, and definite conclusions are not possible. We suggest metacognition in CPD can be promoted by learning about and having explicit training in metacognition, learning about cognitive errors and strategies to avoid them, accurate learning plans informed by external objective information, selection of CPD activities and using metacognitive prompts, and learning new surgical techniques. Instructors of CPD play a pivotal role. Metacognitive skills are likely to vary among ophthalmologists,
